Introduction
In 1881, J.A. Irwin described a condition in which vestibular adaptation to sea conditions led to unsteady gait in the first few hours after returning to land [9] . This phenomenon has been termed mal de debarquement (MdD) and is usually described as an internal sense of rocking, bobbing or swaying that appears after disembarking from a vessel in which one has been passively moved [3, 14] . Brief episodes of MdD are quite common in healthy individuals. Gordon's study of navy crewmen after sea voyage showed that 72 % of 116 subjects experienced transient MdD immediately after disembarking There was a much higher rate of migraine in patients who went on to develop spontaneous episodes (73 %) than in those who did not (22 %). Subsequent episodes were longer than earlier ones in most patients who had multiple episodes. Re-exposure to passive motion temporarily decreased symptoms in most patients (66 %). Subjective intolerance to visual motion increased (10 % to 66 %) but self-motion sensitivity did not (37 % to 50 %) with onset of MdD. Conclusion The majority of MdD episodes lasting longer than 3 days resolve in less than one year but the probability of resolution declines each year. Many patients experience multiple MdD episodes. Some patients develop spontaneous episodes after the initial motiontriggered episode with migraine being a risk factor. ■ Key words mal de debarquement · vestibular adaptation · motion sensitivity · visual motion · migraine from a ship, which resolved spontaneously in less than 6 hours in 88 % of subjects and in less than 2 days in all subjects [5] . However, there are scattered reports of MdD symptoms lasting months or years, a phenomenon termed persistent mal de debarquement [3] . Most cases of MdD reported occurred following cruises, but exposure to other forms of passive motion has also been described [12, 14] . Hain reported the largest case series to date in which 27 individuals with symptoms longer than one month underwent a questionnaire survey [7] . These patients did not undergo a neurological exam or vestibular testing; however other reports indicate that neurological exams and vestibular function testing is generally normal in patients with MdD [3, 14] . Most studies also report a female predominance and frequent symptom duration of longer than one year [3, 7, 14] .
We present our experience with MdD in a University setting in which all patients underwent a detailed neurological examination and most underwent diagnostic testing. Based on Gordon's study of MdD duration in normal individuals, we used 3 or more days of MdD symptoms occurring after passive movement as the inclusion criteria. Though patients were seen over a span of 26 years, many were able to be contacted for follow-up interviews in the year of the study. We report interesting new features of MdD including the emergence of spontaneous MdD-like episodes after the initial motion-triggered episode, the lengthening of subsequent MdD episodes, the development of visual motion sensitivity with the onset of MdD, and the association of spontaneous MdD-like episodes with migraine.
Methods
The study design was approved by the Institutional Review Board at the UCLA School of Medicine. Records from a University Neurotology database were obtained for patients given a diagnosis of mal de debarquement by YHC, GI or RWB between 1980 and 2006. Patients who described an internal sensation of motion such as rocking, swaying or bobbing lasting at least three days after exposure to passive motion were included. Sixty-four charts were reviewed. Basic clinical features assessed included sex, age of onset, age at last follow-up, the type of motion exposure (e.g., boat, car, airplane, etc.), duration of episodes, number of episodes, neurological exam findings, ENG abnormalities and brain imaging reports. Follow-up questionnaire packets were sent to the patient at the most recent address on file for them.
Each questionnaire packet contained a "do not wish to participate" card with a stamped envelope and a consent form. If no response was received in two months, a second packet was sent. The patients were called at the most recent telephone number available if there was no response one month after the second mailing. Thirty-four patients returned questionnaires and could be contacted for follow-up interviews by phone or a clinic visit to validate their responses. Six "do not wish to participate" cards were returned. Twenty-four patients could not be contacted either by phone or by mail.
Responses were scored if they were clear and unambiguous. Therefore, a different number of responses was available for several of the clinical features. All percentages are rounded to the nearest whole number; therefore totals are not always 100 %. Basic clinical features are reported for all 64 patients diagnosed with MdD. Specific features additionally assessed in the questionnaire such as a past history of migraine headaches, aura, vertigo, self-motion sensitivity, visual motion sensitivity and effect of treatment are reported for the 34 patients who returned questionnaires.
Eighteen of the 64 MdD patients also reported experiencing spontaneous MdD-like episodes after their initial motion triggered episode. Because these spells were different from but related to pure motion-triggered MdD episodes, we present the data for pure MdD (only motion triggered), mixed MdD (both motion-triggered and spontaneous MdD), and all MdD separately.
Criteria for migraine headache and aura were according to International Classification of Headache Disorders 2 nd ed guidelines [8] . Self-motion sensitivity was defined as the development of nausea during passive motion with the minimum criterion being sickness as a passenger in a car. Visual motion sensitivity was defined as the development of nausea when exposed to motion of the visual world (e. g., watching movies or freeway traffic) or exposure to virtual reality scenarios (e.g., video games).
■ Statistical analysis
Of the 15 variables evaluated, 11 were qualitative (sex, exam, ENG, MRI, migraine headache, visual aura, vertigo, motion sensitivity, visual motion sensitivity, motion effect on symptoms and trigger type) and 4 were quantitative (age at first episode, age at last follow-up, number of episodes, duration of episodes). Comparisons between groups using qualitative and quantitative variables were done with Fisher's Exact Tests or Kruskal-Wallis rank sum tests and t-tests, respectively. A Bonferroni correction was used to adjust for multiple hypothesis testing. p values are reported after correction with a 5 % level to determine significance. Survival curves are presented using the Kaplan-Meier method to examine the proportion of episodes that continued at each time period of follow-up.
Results
Of the 64 patients with MdD, 46 patients experienced "pure" MdD while 18 patients experienced "mixed" MdD ( Table 1 ). The motion triggered MdD episodes occurred before the spontaneous MdD-like episodes in patients with mixed MdD. There were more women affected by MdD than men in our series (75 %), especially in the group that went on to develop mixed MdD (89 %). The age of onset was significantly earlier in patients with mixed MdD than pure MdD (33 ± 10 years vs 43 ± 13 years, p value < 0.01, Bonferroni correction = 2). Neurological examinations were generally normal, but also showed some inconsistent abnormalities (Table 1) . One patient showed poor ambulation secondary to amyotrophic lateral sclerosis and two patients had isolated difficulty with tandem gait. One patient showed positional torsional/downbeat nystagmus on examination and midline cerebellar atrophy on brain MRI. Coordination tests in this patient were completely normal, however, including gait. She had never experienced balance problems until she developed MdD after a 9-day cruise. Her symptoms significantly improved with driving and she developed severe visual motion sensitivity only after the onset of her MdD. Therefore, the MRI findings appeared to be incidental.
Over half of the patients experienced multiple episodes of MdD triggered by different exposures. Percentages for each trigger were calculated out of the total number of patients in each MdD group who had ever had an episode from the trigger indicated. Thus, 52 of 64 patients had ever had an episode of MdD triggered by a boat ride or cruise, 26 by an airplane flight and 10 by either a car or a train ride. The majority of patients with multiple episodes experienced less than 5 lifetime episodes ( Table 2 ). Four of the 18 patients in the mixed MdD group experienced more than one motion-triggered episode. Therefore, the number of episodes reported for this group mostly reflects additional spontaneous episodes.
The majority (61 %) of patients with multiple episodes experienced progressively longer symptoms with each subsequent episode. The median duration of the first episode was 4 months and the last episode was 12 months in patients who had had at least two episodes. In 8 patients (20 %), the relative duration of the first and last episode could not be determined because the patient was still experiencing an MdD episode at the time of follow-up and the duration had not yet exceeded that of the first episode (Table 2) .
Because all patients had different durations of followup, we estimated the probability of resolution of MdD episodes in time epochs of 1 month according to whether the episode had resolved by the time of follow-up. We present the data in a Kaplan Meier survival curve format for 206 motion triggered episodes. If the patient was not able to give a precise number for the number of episodes they had experienced but only a range, then the average of the range was used to contribute to the total. One-hundred-sixty-nine of 206 episodes had resolved by the time of follow-up. One hundred-four (51 %) episodes lasted longer than one month; 18 % of episodes lasted longer than 1 year; 15 % longer than 2 years, 12 % longer than 4 years, and 11 % longer than 5 years (Fig. 1) .
Fifty-four of 64 (84 %) patients had experienced at least one lifetime episode of MdD lasting longer than one month and 25 patients (39 %) had already experienced at least one MdD episode lasting longer than one year before presenting to our clinic. Of the 16 patients who had ever experienced an MdD episode lasting longer than two years, 7 were men.
The overall prevalence of migraine headache in our MdD patient group (38 %) was higher than population baseline (17.1 % in women, 5.6 % in men [13] ) but separating this group into the pure MdD group and the mixed MdD group showed that most of this risk came from the mixed MdD group (mixed = 73 % vs pure = 22 %) (Table 3). The rates of aura and vertigo did not differ between the pure and mixed groups. The prevalence of migraine was similar between patients who had a single motion triggered episode and multiple motion triggered episodes. Therefore, migraine only appeared to be a risk (17) a reflects both motion-triggered and spontaneous episode b based on the total number of patients who had more than one episode factor for the development of spontaneous MdD-like episodes.
The baseline rate of self-motion sensitivity was higher in the mixed MdD group (56 %) than in the pure MdD group (29 %) but this difference was not significant and neither group reported a significant increase in their sensitivity to self-motion after the onset of MdD. In contrast, both groups developed intolerance to visual motion (5 % to 52 % in pure MdD; 22 % to 82 % in mixed MdD, p < 0.001, Bonferroni correction = 9). The majority (66 %) of patients with MdD reported significant but temporary relief of their symptoms when re-exposed to passive motion (such as driving, sailing or rocking in a chair). Thirty-one percent did not experience consistent improvement with motion while only 3 % (1 person) reported worsening of symptoms with motion. All patients reported the effect of motion on their last episode, which was always a spontaneous episode in the mixed group (Table 3) .
Since most patients had usually tried some kind of treatment for MdD prior to presenting to our clinic, we inquired about their experience with the most commonly used treatments. They were asked to report their responses according to the following scale: 1 = Greatly relieved symptoms (i.e., allowed return to work or socializing); 2 = Moderately improved symptoms; 3 = Small but noticeable improvement; 4 = Minimal improvement, if any; 5 = No improvement at all; 6 = Made symptoms worse.
Benzodiazepines were reported to be the most helpful, with stress reduction techniques, selective serotonin reuptake inhibitors, and physical/vestibular therapy also reported to be beneficial in some patients. Anti-emetics, tricyclic antidepressants, diuretics and dietary modifications were generally considered unhelpful. There were Table 3 Association of MdD with migraine, aura, vertigo, and motion sensitivity too few responses for beta blockers, calcium channel blockers and anticonvulsants to note a real effect but the few responses reported were unfavorable (Table 4 ). In the free response section of the questionnaire, seven patients reported worsening of their symptoms with hormonal fluctuations, such as ovulation and menses. Thirteen patients indicated developing anxiety and/ or depression from the lack of a diagnosis and resolution of their symptoms. Emotional and physical stress (in particular, sleep deprivation) were subjectively perceived to exacerbate MdD symptoms.
Discussion
Though several case reports detail many of the relevant features of MdD, we present a comprehensive review of the largest series of MdD patients to date with information on episode duration, number and associated features. Our study supports conclusions in prior case reports that the typical MdD patient is an otherwise healthy individual who develops a perception of rocking or swaying after a period of passive movement, obtains relief with re-exposure to passive movement, and has normal diagnostic testing including vestibular function testing and brain imaging. Because of the larger sample size and longer period of follow-up, we also noted some new findings including a higher proportion of men affected with MdD, the development of spontaneous MdDlike episodes after initial motion triggered episodes, the association of these MdD-like episodes with migraine, and the development of intolerance to visual motion with MdD.
The sex distribution of MdD patients in our study did not support prior reports that MdD is largely a disorder of middle-aged women. Only 1 of 27 responders to Hain's [7] study and none of Mair's 10 patients were men [14] , compared to 16 of 64 (25 %) patients in our series. This proportion was even higher in those with MdD episodes lasting more than 2 years (44 %). This difference is most likely due to changes in men's attitudes toward seeking healthcare but may also be affected by our referral base. Nevertheless, many women with MdD reported that their symptoms were worsened by hormonal changes, indicating that the higher proportion of women in ours as well as in all other studies of MdD is not likely to be simply a matter of ascertainment bias.
The visual motion sensitivity that developed in our MdD patients may indicate that there is differential weighting of visual versus vestibular information during the initial motion exposure. Maintenance of stable posture relies on interactions between visual, vestibular, proprioceptive and somatosensory input [2, 10, 11, 17] . The relative weighting of these inputs changes in disease processes and in situations where one input may be less reliable than others [1, 15] . On a cruise ship (the most common trigger for MdD) the vestibular system may be activated by the rhythmic fore-aft movement of the vessel, but visual input indicates that the environment is staying still, as everything in the environment is perceived to move together. Somatosensory and proprioceptive input is generally minimal in this situation be- cause vessel movement does not change joint angles or elicit pressure changes. In this context, some implicit decision must be made about the reliability of these various systems in order to release postural control from consciousness and to minimize the consequences of sensory conflict -motion sickness [4, 18] . This period of recalibration is well-known among sailors and is known as getting one's "sea-legs." Peripheral vestibular function testing is normal and there are no consistent structural brain imaging abnormalities in patients with MdD. Current evidence, therefore points to MdD being a disorder of multisensory adaptation. Memory for an internal representation of external passive movement such as occurs on a cruise ship may underlie one mechanism for MdD [16] , a theory which may explain why some MdD patients subsequently developed spontaneous episodes of very similar MdD-like symptoms. Such spontaneous spells may reflect a kind of flashback memory. The lengthening of MdD spells after repeated exposures as seen in our study would fit a model of reinforcement in which subsequent episodes reactivate and enhance latent patterned activity.
We used 3 days as inclusion criteria based on Gordon's two studies of 116 [5] and 234 [6] navy crewmen which found that MdD symptoms resolved within 2 days in all these presumably normal individuals. Our study confirmed our clinical impression that many spells that last more than three days resolve in less than one month and that the majority of spells that last longer than a month still resolve in less than one year. This was seen despite a possible confounder in our study that our patient population represents a more severely affected group than the general population of people who develop MdD.
Based on the probability of symptom resolution with time, we propose the term "prolonged MdD" for motion triggered symptoms that last between 2 days to 1 month and the term "persistent MdD" for symptoms that last longer than 1 month. There are currently not enough data to determine when MdD becomes permanent but, in our study, there were no MdD episodes that resolved after 5 years. Future studies using a prospective design, such as evaluating all patients disembarking from a cruise, are needed to obtain the true natural history of MdD.
Though all patients reported in this study had true motion-triggered MdD, we often see patients who experience the spontaneous onset of MdD-like symptoms without ever having had a motion-triggered episode. Patients with isolated spontaneous MdD-like symptoms represent a heterogeneous population for which no etiology has been determined though, in our experience, there is a high prevalence of migraine in this population. The mixed MdD group found in this study supports a connection between true motion triggered MdD and spontaneous MdD-like spells as the mixed group was also over-represented with migraine patients.
Physicians who care for patients with MdD know that this syndrome can be extremely debilitating cognitively and psychologically. The perception of rocking is a distraction for most people, and the extra attention paid to balance control is perceived as a constant mental strain. Many patients report that one of the most difficult aspects of their experience with MdD is the lack of recognition of their symptoms as a true disorder and the misattribution of the anxiety and depression they subsequently develop as the underlying cause for their symptoms. Earlier recognition of this disorder will allow patients to avoid unnecessary tests and to begin lifestyle changes such as stress reduction, regular sleep and regular exercise to better manage their symptoms.
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